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Among 249 patients with teratoma-associated enceph-
alitis, 211 had N-methyl-D-aspartate receptor antibod-
ies and 38 were negative for these antibodies.
Whereas antibody-positive patients rarely developed
prominent brainstem–cerebellar symptoms, 22 (58%)
antibody-negative patients developed a brainstem–cer-
ebellar syndrome, which in 45% occurred with opsoclo-
nus. The median age of these patients was 28.5 years
(range 5 12–41), 91% were women, and 74% had full
recovery after therapy and tumor resection. These
findings uncover a novel phenotype of paraneoplastic
opsoclonus that until recently was likely considered idi-
opathic or postinfectious. The triad of young age
(teenager to young adult), systemic teratoma, and high
response to treatment characterize this novel brain-
stem–cerebellar syndrome.
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The discovery of anti–N-methyl-D-aspartate receptor(NMDAR) encephalitis in 20071 has brought atten-
tion to a relationship between systemic teratomas and
autoimmune encephalitis. Since 2007, we have studied
249 patients with teratoma-associated encephalitis; most
of these patients had antibodies against the NR1 subunit
of the NMDAR, but 38 were NMDAR antibody nega-
tive. When these 38 patients were compared with those
with NMDAR antibodies, a novel brainstem–cerebellar
syndrome that frequently associates with opsoclonus
emerged. The current study describes the clinical differ-
ences between NMDAR antibody-positive and antibody-
negative patients with systemic teratoma, and focuses on
the novel brainstem–cerebellar syndrome and the sub-
group of patients with opsoclonus.
Patients and Methods
From January 2007 until September 2012, serum and CSF of
249 patients with teratoma-associated encephalitis were studied
at the Department of Neurology, Hospital of the University of
Pennsylvania and at the Neurology Service, Hospital Clinic, Au-
gust Pi i Sunyer Biomedical Research Institute, University of Bar-
celona. The presence of a systemic teratoma was confirmed
pathologically in 234 patients and radiologically in 15. Informa-
tion was obtained by the authors or provided by referring physi-
cians at symptom onset and at regular intervals during the course
of the disease using a comprehensive questionnaire that includes
all symptoms shown in the Figure.2 Sera and cerebrospinal fluid
(CSF) were examined for antibodies to NMDA, a-amino-3-
hydroxy-5-methylisoxazole-4-propionic acid, c-aminobutyric acid
(B), and mGluR5 receptors, LGI1, Caspr2, onconeuronal pro-
teins (Hu, CRMP5, Ma1–2, amphiphysin), and GAD65, using
reported techniques including brain immunohistochemistry, im-
munoblot, and cell-based assays.3–5 Patients without NMDAR
antibodies were further studied for antibodies to dipeptidyl-
From the 1Neurology Service, Hospital Clinic, August Pi i Sunyer Bio-
medical Research Institute, University of Barcelona, Barcelona, Spain;
2Pediatric Neurology Service, Vall d’Hebron Maternal–Infant Hospital,
Autonomous University of Barcelona, Barcelona, Spain; 3Department of
Neurology, University of Pennsylvania, Philadelphia, PA; 4Neurology
Service, Rey Juan Carlos Hospital–Infanta Elena Hospital, Madrid, Spain;
5Service of Neurology Service, Shawnee Mission Medical Center, Shaw-
nee Mission, KS; 6Department of Neurology, Pusan National University
Yangsan Hospital, Yangsan, South Korea; 7Department of Geriatric
Medicine and Neurology, Osaka City University Graduate School of
Medicine, Osaka, Japan; 8Internal Medicine Service, Toukatsu Hospital,
Chiba, Japan; 9Department of Neurology, National Epilepsy Center,
Shizuoka Institute of Epilepsy and Neurological Disorders, Shizuoka, Ja-
pan; 10Department of Neurology, University of Campinas, Campinas,
Brazil; 11Department of Neurology, Royal Victoria Hospital, Belfast,
North Ireland; and 12Catalan Institution for Research and Advanced
Studies (ICREA), University of Barcelona, Barcelona, Spain.
Address correspondence to Dr Dalmau, Neurology Service, IDIBAPS-
Hospital Clınic, University of Barcelona, Casanova 143, CELLEX, P3A,
Barcelona 08036, Spain.
E-mail: Josep.dalmau@uphs.upenn.edu
†Dr Titulaer is currently also affiliated with the Department of Neurol-
ogy, Erasmus Medical Center, Rotterdam, the Netherlands.
Additional Supporting Information may be found in the online version
of this article.
View this article online at wileyonlinelibrary.com. DOI: 10.1002/
ana.23917
Received Feb 7, 2013, and in revised form Mar 28, 2013. Accepted for
publication Apr 19, 2013.
VC 2013 American Neurological Association 435
peptidase-like protein-6 (DPPX), a1-glycine receptor, D2 subu-
nit of the dopamine receptor, and unknown cell-surface antigens
using reported techniques.3–5
Outcome was assessed with the modified Rankin scale
(mRS),6 grading it as full recovery (mRS 5 0), substantial
improvement (mRS 5 1–2), partial improvement (mRS> 2 af-
ter having had at least 1 point of improvement), and no
improvement. Three patients without NMDAR antibodies have
been previously reported.7–9 Studies were approved by the in-
ternal review boards of the University of Pennsylvania and Uni-
versity of Barcelona.
Statistical Analysis
Comparative analyses between patients with and without
NMDAR antibodies were performed with SPSS version 20
(IBM, Armonk, NY), using the Fisher exact test for contin-
gency tables and Mann–Whitney U tests for continuous
variables.
Results
Two hundred eleven patients were found to have
NMDAR antibodies, and 38 were negative for these anti-
bodies. Compared with antibody-positive patients, the 38
patients without NMDAR antibodies showed no differ-
ences with respect to gender and age of symptom onset
(NMDAR antibody-negative patients: 92% female, me-
dian age 5 28 years [interquartile range (IQR) 5 20–32,
range 5 12–55] vs antibody-positive patients: 99%
female, median age 5 25 years [IQR 5 19–30,
range 5 7–65], p 5 0.05 and p 5 0.11, respectively).
However, significant differences were identified with
respect to symptom presentation and repertoire of symp-
toms during the first month of the disease (see Fig 1).
Whereas 18 (47%) patients without NMDAR antibodies
initially presented with brainstem–cerebellar dysfunction,
this presentation did not occur in any of the patients
with NMDAR antibodies (p< 0.0005). In contrast,
whereas 144 of 211 (68%) patients with NMDAR anti-
bodies presented with psychosis and behavioral abnor-
malities, this presentation occurred only in 4 of 38
(11%) patients without these antibodies (p< 0.0005).
The Figure shows that during the first month of
the disease, 76% of the patients with NMDAR antibod-
ies developed dyskinesias, often involving the face and
mouth, whereas only 1 (3%) patient without these anti-
bodies developed dyskinesias, without affecting the face
and mouth (p< 0.0005); similar differences were seen
for most symptoms typical of anti-NMDAR encephalitis.
In contrast, 22 of 38 (58%) patients without NMDAR
FIGURE 1: Comparison of symptoms of patients with teratoma-associated encephalitis and N-methyl-D-aspartate receptor
(NMDAR) antibodies with those without NMDAR antibodies. (A) Patients without NMDAR antibodies (indicated in dark gray)
less frequently developed symptoms considered characteristic of anti-NMDAR encephalitis (behavioral abnormalities, memory
deficits, seizures, dyskinesias, speech disorder, and central hypoventilation, all p < 0.0005, and impaired level of consciousness
and autonomic dysfunction, p < 0.05). (B) In addition, patients without NMDAR antibodies more frequently developed brain-
stem–cerebellar symptoms and opsoclonus, which are rare in anti-NMDAR encephalitis (all p < 0.0005). From 1 patient without
NMDAR antibodies and 4 with antibodies, detailed clinical information was not available, and these patients were excluded
from analysis; in 3 additional patients without NMDAR antibodies, information for memory deficits and speech disorder was
not available.
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antibodies developed brainstem–cerebellar symptoms dur-
ing the first month of the disease, 10 (45%) of them
with opsoclonus, whereas these symptoms rarely occurred
in patients with NMDAR antibodies. The identification
of a predominant brainstem–cerebellar syndrome led us
to focus on this disorder and the subgroup of patients
with opsoclonus, both described below (the other 16
patients are shown in the Supplementary Table).
Brainstem–Cerebellar Syndrome
The median age of the 22 patients with brainstem–cere-
bellar symptoms was 28.5 years (IQR 5 22–32,
range 5 12–41). Twenty (91%) were female, all with
ovarian teratoma; 2 male patients had testicular teratoma.
Main symptoms included ataxia in 86%, opsoclonus–
myoclonus in 45% (described below), dysarthria in 36%,
decreased level of consciousness in 32%, diplopia or oph-
thalmoparesis in 18%, and seizures in 18%. Other symp-
toms are listed in the Table 1.
Neurological symptoms developed before tumor di-
agnosis in 18 patients (82%; median 5 1 month,
IQR 5 0.9–2 months, range 5 3 days to 24 months) and
after tumor diagnosis in 4 (10 days and 1.5, 2, and 3.5
months, respectively). Two of these 4 patients had the tu-
mor removed 3 days and 1.5 months before developing
encephalitis, respectively. All patients had mature terato-
mas, except 1 who had an immature ovarian teratoma.
Serum of 3 patients (2 with opsoclonus) and CSF of
another patient showed weak immunolabeling of cultures
of rat neurons (data not shown); no antibodies were
identified in the other patients.
Treatment and follow-up information was available
for 19 (86%) patients, including all patients with opso-
clonus (described below). Fifteen (79%) received immu-
notherapy, 13 of them with tumor resection; 2 had tu-
mor resection without immunotherapy, and 2 were not
treated (1 had tumor removal before developing encepha-
litis). With a median follow-up of 15 months
(range 5 3–84), 14 patients (74%) had full recovery, 3
(16%) had partial improvement, and 2 had no improve-
ment (1 of them was not treated). Two patients with
complete recovery and 1 with partial recovery relapsed 2
years, 7 years, and 8 months after disease onset,
respectively.
Opsoclonus–Myoclonus Syndrome
Ten women (median age 5 27 years, IQR 5 22–30,
range 5 15–32) with brainstem–cerebellar syndrome
developed opsoclonus; accompanying symptoms are listed
in the Table 1. Four had prodromal fever or viral-like
symptoms, and another one was 26 weeks pregnant.
Symptoms developed before the tumor diagnosis in 7
(median 5 1 month, IQR 5 0.1–1.5 months, range 5 3
days to 2 months) and after tumor diagnosis in 3 (10
days, 2 months, and 3.5 months, respectively). One of
these 3 patients had undergone tumor resection 3 days
before developing opsoclonus; the other 2 patients had
not had tumor treatment.
At symptom onset, 7 patients had CSF lymphocytic
pleocytosis (median 5 37 white blood cells/ll,
range 5 10–182), 6 had increased protein concentration
(median 5 64/dl, range 49–100), and 3 of 3 had oligo-
clonal bands. Brain magnetic resonance imaging and
electroencephalographic studies were abnormal in 2 of 9
and 3 of 5 patients (see Table 1).
All patients were treated with methylprednisolone:
3 alone, 3 combined with intravenous immunoglobulin
(IVIg), and 4 with IVIg and plasma exchange. Two
patients received rituximab after failing initial immuno-
therapy, and 1 received azathioprine (see Table 1). Nine
patients had resection of the teratoma; pathological stud-
ies showed mature teratoma in 8, including 1 with bilat-
eral teratomas, and immature teratoma in 1. Chemother-
apy was used in 2 patients (see Table 1). Valproic acid,
clonazepam, levetiracetam, or phenobarbital did not con-
trol the opsoclonus–myoclonus (data not shown).
The median time of follow-up was 19.5 months
(IQR 5 6–39, range 5 3–84). Eight patients had full re-
covery, and 2 had mild residual dysarthria and ataxia at
13- and 15-month follow-up, respectively. Six of the 8
patients with full recovery became asymptomatic within
the first 3 months of treatment, and the other 2 patients
within 6 and 12 months, respectively.
Discussion
This study shows that patients with systemic teratoma
can develop several forms of encephalitis without
NMDAR antibodies, among which a syndrome that
associates with brainstem–cerebellar symptoms stands
out. Almost 50% of patients with this syndrome devel-
oped opsoclonus in association with the triad of young
age (teenager to young adult), presence of an ovarian ter-
atoma, and high response to treatment. The subacute
presentation of symptoms, frequent CSF pleocytosis, and
response to immunotherapy coupled with the detection
of antibodies to neuronal cell-surface antigens in some
patients suggest an immune-mediated pathogenesis.
All patients with opsoclonus were young women
(aged 15–32 years), considered too young for carcinoma-
associated opsoclonus, which usually occurs in patients
>50 years old,10 and too old for neuroblastoma-associ-
ated opsoclonus, which usually affects children <5 years
old.11 It is likely that this type of opsoclonus has been
previously considered idiopathic or postinfectious and
ANNALS of Neurology
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that the presence of a teratoma was missed or not felt to
be related.
Compared with patients with anti-NMDAR en-
cephalitis, those without these antibodies were less likely
to initially present with psychosis and behavioral change.
Although there was overlap of some symptoms, such as
limbic dysfunction and psychiatric manifestations, the
frequency of other symptoms, such as dyskinesias, rarely
occurred in patients without NMDAR antibodies. In
contrast, patients with anti-NMDAR encephalitis did not
initially present with brainstem–cerebellar dysfunction or
opsoclonus. Of note, ataxia can be a presentation of anti-
NMDAR encephalitis in children2,12; this is not reflected
here, because young children usually do not have
teratomas.
This study has several practical implications. Any
teenager or young adult, especially if female, who devel-
ops subacute brainstem–cerebellar symptoms or opsoclo-
nus–myoclonus suspected to be immune-mediated
(because of the rapid onset of symptoms and/or CSF
pleocytosis) should be investigated for a teratoma in the
ovary (or testes for male patients). Detection of a tera-
toma should prompt its removal along with the use of
immunotherapy (most patients described here received
steroids, IVIg, and/or plasma exchange). A limitation of
this study is that it is retrospective; future studies will es-
tablish the frequency of these disorders and may identify
patients with higher levels of cell-surface antibodies that
could lead to the characterization of the antigens.
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